
Author response to review by X. Asay-Davis on “Stopping the Flood: Could We Use Targeted 
Geoengineering to Mitigate Sea Level Rise?”

Michael Wolovick and John Moore

We thank Dr. Asay-Davis for the thorough review of our article.  We now respond to specific comments
below.

My two most significant concerns about the work are the following. First, I am concerned that 1HD 
modeling is not appropriate for Thwaites Glacier because the complex topography and significant 
cross-flow variability are likely to provide buttressing that is fundamentally 2HD and cannot be 
captured through a 1HD parameterization (see detailed discussion below). I would have liked to see at 
least some validation of the 1HD approximation through comparison with 2HD modeling.

We feel that 1HD modeling is actually more appropriate for Thwaites than for other glaciers, since 
Thwaites is so wide that side drag plays a very small role in its dynamics.  In addition, while there is 
some cross-flow variability in Thwaites' basal topography, there is no well-defined central trough or 
confined ice shelf as in many other glaciers; and it was specifically the presence of a central trough and
a confined ice shelf that Gudmundsson et al. (2012) used to generate the lateral buttressing that can 
stabilize a glacier against the MISI.  We expand more on this point below.

Second, the parameterization of ambient water masses in the ice-shelf cavity assumes that the 
properties of the deepest water masses in a partially obstructed cavity would be a linear combination 
(proportional to the fraction of obstruction) of those at the deepest point in the open ocean and those at
the top of the sill that provides the partial obstruction. It is my assessment that ocean modeling and 
observations suggest that partial obstruction is not very efficient at blocking water masses form being 
transported horizontally. This would suggest that the warmer, deeper water mass would likely fill the 
deeper parts of the cavity even when most (but not all) of the width of the cavity is blocked by a sill. 
For many ice shelves around Antarctica, troughs either near the continental shelf break or beneath the 
ice shelf itself provide efficient pathways for warm water to enter ice-shelf cavities even when these 
troughs represent only a small fraction of the width of the shelf. To me, this suggests that a re-
interpretation of the results with 50% sill blockage may be required. Again, see details below

We had not intended the 50% blockage experiment to represent 50% horizontal blockage, but rather 
50% mixing of the water over the top of the sill.  It is absolutely true that ocean currents are efficiently 
transported horizontally.  We intended that experiment to represent a situation in which a sill was 
constructed across the entire width of the bay, but because of winds/tides/internal waves/storms/etc 
some of the warm water was mixed over the top of the sill.  Perhaps it would have been more realistic 
to parameterize these processes by using a uniform water mass in the cavity behind the sill composed 
of a mixture between the warm deep waters and the cold shallow waters; however, we chose to 
preserve some of the far-field stratification since that represented a more stringent test of the 
effectiveness of the sill.  By preserving some of the far-field stratification, we ensured that the deep 
water reaching the grounding line was warmer than it would have been if we had filled the cavity with 
a uniform water mass.

In the aggregate volume calculations in Table 1 we did not consider any sills that partially covered the 
width of the bay; the only partial horizontal coverage we considered was the case of isolated pinning 
points, in which case we assumed 0% water blockage.  The different aggregate volumes we calculated 



for continuous sills were entirely due to different assumptions about sill position (whether in the wide 
open bay or on the narrower high bathymetry near the present-day grounding line), sill height (with the 
sill top either 300 m, 250 m, or 100 m below the surface) and aggregate strength (with an angle of 
repose of 15° or 45°).  Both the 50% blockage experiment and the first 100% blockage experiment use 
the same assumed sill geometry, corresponding to superscript (3) in Table 1.  That design is described 
as a low sill built on the higher bathymetry near the present-day grounding line.  The assumption 
behind that design geometry is that the grounding line would have retreated to form a large embayment
before construction begins.  The mouth of the embayment would then form a natural constriction 
(relatively speaking; the length of the sill is still 80 km) roughly at the location of the present-day 
grounding line, and since the present-day grounding line also has the highest bathymetry in the area, 
building a sill there would be doubly favored.  We did not actually run any experiments corresponding 
to (4) (low sill in the open bay), we only included that sill geometry calculation in the table as an 
example of a smaller open-bay design.  The most effective scenario we considered (tall sill in the open 
bay) was (5) in Table 1.  

We have added wording in the experiment description section (3.1) to clarify our interpretation of the 
50% blockage experiment.  We have also added wording to the caption of Table 1 clarifying which 
scenarios correspond to which designs.  

p. 1 l. 2: “Thwaites Glacier, West Antarctica, is the largest individual source of future sea level rise”. 
This needs to be reworded slightly, I think. You say later of Thwaites undergoing MISI, “We regard this 
hypothesis to be probable but not yet proven.” It seems like the abstract could use similar qualification
like “will likely be” or “is projected to be”.

We have added the qualifier “is projected to be”.

p. 1 l. 3 “coupled ice–ocean flowband simulations”. In my experience, “flow band” is a meaningful 
term in 2D “side-view” ice-sheet modeling that parameterizes the 3rd dimension (e.g. Price et al. 
2017, doi: 10.1029/2006JF000724) but it is not used in ocean modeling as far as I’m aware. So I 
would suggest coming up with a different term to describe the coupled model (2D; quasi-2D; 2D, side-
view; or something like that).

We have changed the word, “flowband” to “quasi-2D”.

Fig. 1: I rarely say this but I think some of the text may be too big in this figure. Particularly the titles 
of each panel seem too large. Also, you use uppercase letters for panels in Figs. 1, 2 and 5 but 
lowercase for Figs. 3 and 4. I much prefer lowercase (which seems to be standard) but more 
importantly would like to have consistent numbering

We did not know that it was possible to have the text in a figure too big!  

We also do not know how big this figure will be after final typesetting, and this cartoon is a good 
candidate for getting squeezed into a single column when the article gets typeset into two columns, so 
we prefer to leave the text large.  However, we have switched to lowercase lettering for the panels in 
Figs 1, 2, and 5.  

Fig. 2: I would leave a bit more space between each panel title and the panel itself. Also, I found it 
distracting that the titles seem to be in a different font from the other text (though this may just be an 
odd boldface font).



The title font is the same, just bold.  We have moved the titles slightly up and away from the panels.

p. 3 l. 12-13: “There is also uncertainty about whether the ocean forcing that (may have) pushed the 
ice sheet over the edge was caused by human activity (Steig et al., 2012)” I would recommend citing a 
other papers that make this case more forcefully: Turner et al. 2017 DOI:10.1002/2016RG000532 (see 
Sec. 6. Attribution of Recent Changes in the ASE). The recent evident that Pine Island began its present
retreat before the 1940s (Smith et al. 2016, DOI:10.1038/nature20136) might point to a lower 
likelihood that anthropogenic forcing played a role in that glacier’s retreat.

We have added both of these references.

p. 3 l. 13-15: “We proceed with the understanding that the societal consequences of a collapse will be 
the same regardless of whether or not humanity is responsible.” This point is well stated.

Thank you.

p. 3 l. 17, p. 4 l. 2: I hate to keep pushing you to equivocate more but I would suggest changing 
“would” to something like “would, by some estimates”. I know this is implied by the citations you give 
but with projections in general and cost estimates in specific it doesn’t hurt to be explicit about what 
we know vs. what can only be an approximation.

We have changed the word, “would” to, “could” in order to imply more uncertainty.

p. 4 l. 17: Are other glaciers “less challenging” simply in being smaller, or are there other aspects that
make Thwaites particularly challenging? If the latter, maybe mention something about these explicitly 
(or tell the reader you’ll get to them later).

We were mostly thinking of size here, but the severely overdeepened geometry of Thwaites without a 
stabilizing topographic trough or substantial ice-shelf buttressing also contribute to the difficulty.  In 
addition, the fact that the MISI may have already been triggered in the Amundsen Sea Embayment adds
an additional degree of difficulty, in that humanity may be working against the clock when it comes to 
developing the technological and logistical capabilities necessary to stage an intervention.  We have 
added a sentence discussing these factors.

p. 4 l. 21: “merely piles of aggregate on the ocean floor”. Would aggregate be strong enough to remain
intact as the ice re-advances over it? Or might the artificial sill be weak and therefore short-lived? 
These are engineering challenges that are probably beyond the scope of this paper but they may figure 
into the feasibility if building an artificial sill strong enough to serve as an ice rise turns out to be cost-
prohibitive.

These are issues to be explored in future work.  We have done some experiments with sill erosion that 
suggest that a weak sill could still be effective in delaying an ice sheet collapse.  However, those rely 
on an arbitrary erosion parameterization, and without some sort of calibration we do not consider those 
results to be meaningful.  

p. 4 l. 27: “We use the least complex model that can address this question…” I get that you wanted to 
use a simple tool. I get, also, that it’s kind of a first cut, a feasibility study. But I do wonder if the 
answers might not be totally different in a model that can fully represent buttressing and also the 



lateral variability of the topography. I guess I’m concerned that the model might be a little too simple 
to be able to give you a reliable answer to your questions. The flowband model is likely more prone to 
MISI (both is the sense of unstable retreat and unstable readvance) than a 3D model because of the 
fact that buttressing is parameterized as a drag or a change in viscosity. Furthermore, the nature of 
buttressing represented in a 1HD model is fundamentally different from that in a 2HD model 
(Gudmundsson et al. 2012 DOI: 10.5194/tc-6-1497-2012). Ideally, you would validate a few of your 
135 model runs with a 2HD model. If that is too much to ask, I would suggest that you include here or 
in the discussion a thorough airing of these potential limitations of your 1HD model, in which much of 
the introduction and discussion material in Gudmundsson et al. (2012) is likely relevant.

It is true that a flowband model is incapable of truly representing the full 2HD dynamics of buttressing.
However, the geometry that Gudmundsson et al. (2012) considered was a very specific one:  an ice 
stream confined to a deep central trough, connected to a laterally confined ice shelf, with higher ground
on either side.  The central trough served to confine both the fast-flowing trunk of the ice stream and 
the floating ice shelf that formed once the centerline ungrounded.  It is important to emphasize that all 
of the lateral buttressing in the Gudmundsson model came from the gradient in ice velocity between the
elevated flanks and the depressed central trough.  The side walls of their model domain were free slip 
boundaries that did not provide any drag to the flow (see section 2, “Problem Definition”, in that 
paper).  As a result, the only part of their model ice shelf that was laterally buttressed was the area that 
was confined by grounded ice on the elevated flanks.  Further downstream, where the ice on the flanks 
also ungrounded, the ice shelf was completely unbuttressed and contributed no significant resistance to 
flow.  

The “central trough and confined shelf” geometry explored by Gudmundsson et al. (2012) is a very 
common geometry for ice streams and outlet glaciers, so it was a sensible choice for that study.  The 
findings of their study have obvious implication for many overdeepened ice streams and outlet glaciers,
including several in the Amundsen Sea Embayment for which the onset of the MISI has been 
hypothesized.  Pine Island, Pope, Smith, and Kohler Glaciers all have a bedrock trough and a confined 
ice shelf, so the findings of Gudmunsson et al. (2012) would caution against extrapolating from the 
recent retreats of those glaciers to the conclusion that an irreversible collapse has begun.  

However, Thwaites has neither a central trough nor a confined shelf.  Though it does have some cross-
flow variability, it does not have the specific structures shown by Gudmundsson to stabilize an ice 
stream against the MISI.  Our simple force balance inversions (Fig 3c) suggest that side drag is 
negligible in the force balance of Thwaites compared to driving stress and basal drag.  Those results are
broadly consistent with more complex inversions which show that the rather high driving stress of 
Thwaites is balanced by local (or near-local) basal drag (Joughin et al., 2009; Morlighem et al., 2013).  
Even the inversion of Sergienko and Hindmarsh (2013), which probably has the most non-local stress 
transmission of any of the Thwaites inversions, does not show stress transmission to the margins, but 
rather to a specific pattern of sticky patches within the ice stream itself.  The Sergienko and Hindmarsh 
(2013) model has a balance between driving stress and basal drag when considered at wavelengths 
longer than the spacing between the sticky patches, and that spacing (~11 km) is much less than the 
width of the glacier.  One of the underlying assumptions of the canonical 1HD description of the MISI 
by Schoof (2007) is that basal drag and driving stress are balanced in the inland region of the ice 
stream, with only a small boundary region near the grounding line where longitudinal stresses are 
important as well.  Our model represents all of those terms, and if there is any glacier in the world to 
which the Schoof (2007) description truly applies, that glacier is Thwaites.  

Nonetheless, in a real retreat of Thwaites Glacier it is likely that different areas of the ice stream would 



retreat at different rates, and this asynchronous retreat would create embayments in which a well-
buttressed ice shelf could form.  Such temporary buttressing would probably slow the retreat, since it 
would preferentially apply buttressing to the areas that are retreating the fastest, and that sort of process
is not something that we can represent in a 1HD model.  

We have added wording to the methods section elaborating on the weaknesses of a 1HD model and 
commenting on the relationship between Thwaites' geometry and the geometry considered by 
Gudmundsson et al. (2012).

p. 6. l. 15-16: “For the 50% blockage experiment, the ocean properties forcing the sill model were a 
linear combination of the properties at the sill top and the far–field stratification.” Could you explain 
this choice further? Ocean dynamics is typically mostly horizontal, suggesting that the deepest water 
mass would flood the cavity for any percentage less than 100% sill blockage (assuming the percentage 
is meant to represent a horizontal fraction of the channel width that is covered by a sill). I do not think 
the the choice to have colder water in the cavity because a sill blocking 50% of the channel width is 
not consistent with observations or modeling of ocean dynamics in similar topographies. The warmer, 
denser water is perfectly content to flow around the obstacle and fill the region behind it, preventing 
the cooler, less dense water from descending over the sill to mix at depth. I think your 50% simulation 
is more representative of the behavior if you had a sill that was half as high (at least from the ocean’s 
perspective) but covered the full width.

It is absolutely correct that the ocean currents should flow around a horizontal obstacle.  As mentioned 
above, we intended the 50% blockage experiment to represent a case where the sill was built 
completely across the width of the bay, but was only partially effective at preventing transport of the 
warm water due to winds, tides, storms, internal waves, and other sources of variability in the 
thermocline depth.  We have added wording to clarify our interpretation of this experiment.  

p. 7 l. 3-6: “The price of this feature is that our model cannot include the marine ice cliff instability, 
which could play an important role in accelerating West Antarctic collapse (DeConto and Pollard, 
2016).” I didn’t follow this argument. Are you saying that you wouldn’t get accelerated calving for 
large cliffs because you would have a slow calving rate rather than a fast one for large H compared 
with H0?

Yes, we were trying to say that our model would produce a low calving rate rather than a large one 
when H is much larger than H0.  We have clarified the wording here.

“However, this feature also guaranteed that our model never produced unphysically large ice cliffs in 
the first place, so in practice this was not an issue.” Some in the field would dispute the implication 
that MICI requires “unphysically large ice cliffs.” While that may be true, I think wading into that 
particular controversy is beyond the scope of this paper and should probably be left out.
Over all, found these two sentences to be strange. You suggest you’re missing a potentially important 
bit of calving physics if you encounter large ice cliffs but then dismiss it because your calving 
parameterization is such that you never do encounter large cliffs. Should we be relieved or does that 
just point to more potentially missing physics in your calving parameterization?

This is a good point.  We have removed the second sentence.

Fig 4: All fonts seem giant, but maybe this figure is meant to be smaller in the published version? As in
Fig 2, the title font seems weird compared with the non-bold font and titles seem really close to the top 



of each panel.

We have moved the titles slightly away from the panels.  We want to leave the font size large, however, 
as we do not know how big the figure will be after final typesetting.

p. 7 l. 30-33: These two sentences come as something of a non-sequitur. I presume the point is that you 
simply prescribed a change in the thermocline depth because you didn’t feel you could derive changes 
from CMIP5 simulations. Even so, it’s not clear where the justification for the 200-300 m shoaling 
comes from.

The 200-300 m shoaling is an arbitrary choice.  The recent increases in sub-shelf melt and associated 
grounding line retreat in the Amundsen Sea Embayment have been caused by upwelling of warm CDW
onto the continental shelf and associated increases of warm water transport into the sub-ice cavities, 
rather than substantial warming of the water mass itself.   We wanted to create a forcing for the 
warming scenario that mimicked and magnified this trend, thus increasing the odds of collapse and 
making it harder to reverse the collapse with an intervention.  We felt that the 200-300 m shoaling was 
a good order of magnitude for a plausible change in the destabilizing direction, but we wanted to put 
caveats at this part of the text emphasizing the uncertainty in actual projections of ocean circulation 
changes on the Amundsen shelf and especially in the sub-ice cavities.  We have added wording here 
explicitly stating that the choice of 200-300 m was arbitrary.

p. 7 l. 32: Another appropriate citation here would be Little and Urban (2016, DOI: 
10.1017/aog.2016.25).

We have added this reference.

p. 9 l. 1-3: “For lower blocking percentages, the water properties behind the sill were a linear 
combination of the far–field stratification and the water properties at the sill top.” Same complaint as 
on p. 6: This doesn’t seem consistent with ocean dynamics.

See our earlier responses.

Fig 6: I think both the y axis and the quantity being plotted in color need further explanation. 
Presumably the y axis is representing the percentage of model runs with that rate of sea level rise or 
lower, correct? Otherwise I really don’t understand the y axis. Regarding the color map, is this the 
instantaneous rate the moment regrounding occurs? Or at the end of the 1000 year simulation? Or 
averaged over some time?

Before plotting, we sorted the model runs in order of post-regrounding sea level rise rate, so that is in 
fact the correct interpretation of the y-axis.  The post-regrounding sea level rise rate shown in color is 
determined by the slope of a linear least squares fit of the time series between the time of regrounding 
and the end of the 1000 year model run.  We have added wording to the caption clarifying these points.

p. 12 l. 6-7: “With knowledge of the route of ocean currents in the sub-ice cavity, it may be possible to 
get the water–blocking performance of a continuous sill with less material.” For the reasons I 
discussed above, this seems unlikely to me. Ocean water at depth is efficient at flowing around 
obstacles. It is energetically very favorable to flow along constant density surfaces and a partial 
blockage is unlikely to impede the flow or reduce the temperature of water in the cavity in a way that 
significantly reduces melting.



We have removed this sentence.  Instead, we have added a reference to the subglacial drying proposed 
by Moore et al. (2018).  This reference works better in this position as an example of an alternative 
glacial geoengineering technique that could be explored, and also provides context for our mention of 
basal water pressure later in the discussion.

p. 13 l. 14-`5: “and it would have only a 30% probability of success” → “and our results suggest that 
it would…” or something along those lines.

We have qualified this sentence.

p. 13 l. 24-25: “How should the citizens of low–lying nations value ocean circulation in the sub–ice 
cavities of the Amundsen Sea?” Perhaps the ambiguity is intentional but it is not clear what you mean 
by “value”. Do you mean monetary value (or at least a tangible value that can be monetized) or 
something more intangible and cultural, political or otherwise sociological?

We were originally thinking only of monetary/material value, but now that you point it out we quite 
like the ambiguity of interpretation that is possible here.  We have reworded the next sentence from, 
“How much should the international community be willing to spend on the basal water pressure of 
important outlet glaciers?” to, “How much importance should the international community place on the
basal water pressure of key outlet glaciers?” in order to ensure that the entire section can now be read 
with many meanings for “value”.  

p. 13 l. 24-25: “How much should the international community be willing to spend on the basal water 
pressure of important outlet glaciers?” I don’t follow this question. Up until now, basal hydrology 
didn’t figure into this discussion and it is not clear to me that there are any known or proposed 
interventions that would affect basal water pressure in a controlled way. So I am not aware of any way 
in which the international community could spend money on basal water pressure in any meaningful 
way. If the intention is to posit a fanciful means of further geoengineering ice sheets and glaciers, that 
probably needs to be made more explicit.

In a previous Nature Comment in which we proposed research into glacial geoengineering (Moore et 
al., 2018), subglacial drying was one of the ideas that we proposed as a potential avenue of research.  
We did not investigate that method in this paper, but this particular sentence was meant to refer to other
potential intervention techniques.  We do not think that our paper is the right place to get into detail 
about many alternative intervention techniques, but since this paragraph is discussing the merits of 
glacial geoengineering research on a very broad level we felt that it was appropriate to include 
examples of things other than the specific sills and pinning points that we considered in this paper.  We 
have added a reference to subglacial drying in the “Cost and Feasibility” section in response to an 
earlier comment above, so hopefully this sentence does not appear to come out of nowhere anymore.

p. 13 l. 32-33: “However, in this case simplicity may be a virtue.” I don’t find that this case is made 
sufficiently to warrant this statement. Presumably the virtue is that you are able to perform well over 
100 simulations with different model configurations. But I don’t think the implications of these 
simplifications are sufficiently explored.

We have removed this sentence.

“Our ice model is mostly the same as the 1D model that Schoof used to define the modern theoretical 



understanding of the MISI (Schoof, 2007).” A lot of literature (notably Gudmundsson et al. 2012, 
mentioned above) has explored the limitations of the 1HD understanding of MISI as well as 1HD 
approximations of 2HD buttressing.

We have also removed this sentence.  We have replaced it, and the previous sentence, with: “Our model
is the simplest model that can capture the mechanics of the MISI; indeed, it is mostly the same as the 
1D model that Schoof (2007) used to define the modern theoretical understanding of the MISI.  More 
advanced ice and ocean models are needed to fully explore lateral buttressing and ocean circulation in 
the sub-ice cavity.“

As we mentioned above, Thwaites has neither a central trough nor a confined ice shelf, which are the 
two geometrical features which Gudmundsson used to get around the MISI in 2HD.   We did include a 
parameterization of lateral buttressing in our model, but that term was only a small component of the 
force balance (Figure 3c).  The buttressing that our intervention relies on is not lateral buttressing but 
rather longitudinal buttressing, which is fully represented in our model.  We have mentioned the 
Gudmundsson caveat, along with the geometrical differences between Thwaites and the idealized 
glacier that they considered, in the methods section.

p. 14 l. 1-2: “The exact values of collapse timing, sea level rise rate, and “point of no return” (the date
at which an intervention would no longer be effective) will change with more advanced models, 
different forcings, and different intervention designs.” I think this sentence implies that differences 
between 1HD and 2HD modeling are likely to be in the small details. I don’t think this is well 
established, and I would not be surprised to see qualitative changes in behavior (e.g. reduced MISI but 
also potentially increased difficulty re-advancing with new pinning points) with a 2HD model 
compared with the 1HD model used here. I feel like the tone of this sentence kind of undermines the 
point made just above that, “The designs we considered were very simple and our reduced dimensional
model may miss important elements of the ice–ocean system.”

We have added “success probability” to the list of things that might change with future work, but 
otherwise we are leaving this sentence as is.  A reduced likelihood of unstable retreat due to the MISI, 
or a slower rate of retreat once the collapse is initiated, are both covered by changes in collapse timing, 
sea level rise rate, and the “point of no return”.  Similarly, slower recovery and increased difficulty re-
advancing are covered under (post-regrounding) sea level rise rate and success probability.  

p 14-15: I really appreciated this discussion of the political and ethical implications of this work. It is 
atypical of a paper in The Cryosphere but it a vital part of a discussion of a new potential 
geoengineering project.

Thank you.

p. 15: “Code availability. Model code available from the authors by request.” Do you have a 
compelling reason for not making the code publicly available? If so, in my view, this should be state 
here. If not, I think the code should be made public (even if in an unsupported and perhaps poorly or 
undocumented form). I realize this is not the policy of The Cryosphere but I ask you to consider it 
anyway.

You are quite right, there was no good reason for us not to post the code online.  It is now at 
github.com/MichaelWolovick/Flowline_v1.



S3: I’m wondering how you handled “subglacial lakes” between two grounded regions that are visible 
in some of the animations in the supplementary material. Was there any melting in these regions? 
Hopefully not, since these regions presumably aren’t actually supplied with heat from the ocean. Also, 
the plume would need to be re-initialized at each grounding line, which would be technically tricky.

There was no melting in the “subglacial lakes”.  The plume started from the outermost grounding line.  
The freshwater forcing that initialized the plume was derived only from the outermost grounded region.

Typographical and grammatical corrections:

p. 1 l. 2-3 and elsewhere: “the MISI” is typically just “MISI” in most texts I’ve read (just as it’s not 
typically “the WAIS”, though that would make grammatical sense). Obviously, this is a matter of taste.

Grammatical conventions around acronyms are weird.  People also say things like, “ATM machine” 
and “PIN number” and they sound correct even though those expressions are redundant.  In most places
where we say “the MISI” it would be inappropriate to just use “MISI” alone:  or example, “The 
hypothesis that the MISI has already been triggered in the Amundsen sector...”  makes no sense as, 
“The hypothesis that MISI has already been triggered...”, but would sound okay if we said, “The 
hypothesis that a MISI has already been triggered...”.  For now we would prefer to leave it as “the 
MISI” since that actually makes sense if you expand the acronym into “the Marine Ice Sheet 
Instability”.  

p. 1 l. 3 “flowband” should probably be “flow band” or “flow-band” if you choose to retain this 
phrase.

We have replaced “flowband” with “flow-band”.  We removed the term from the abstract in response to
a previous comment, but we have left the term in the main text.

p. 2 l. 5: “(MISI)(Fig 1)” would be cleaner as “(MISI; Fig 1)”

Changed.

p. 3 l. 7: “West Antarctica(Joughin” missing a space before the parenthesis.

Fixed.

p. 4 l. 18-19: “The question that we seek to answer is…” Shouldn’t this be, “The questions that we seek
to answer are...“?

Fixed.

p. 4 l. 27: “this question” → “these questions”?

Changed.

p. 6 l. 3: “supplementary section 1.3” should probably just be “S1.3” for consistency with the rest of 
the text.



Fixed.

Many places: phrases like “low–lying” and “sub–ice” are separated by en-dashes that should be 
normal dashes. (Presumably something the typesetter will handle.) This is as opposed to “ice–ocean”, 
which arguably should have an en-dash.

Fixed.

References
Gudmundsson, G. H., Krug, J., Durand, G., Favier, L., & Gagliardini, O. (2012). The stability of 

grounding lines on retrograde slopes. The Cryosphere, 6(6), 1497–1505. 
https://doi.org/10.5194/tc-6-1497-2012

Joughin, I., Tulaczyk, S., Bamber, J. L., Blankenship, D., Holt, J. W., Scambos, T., & Vaughan, D. G. 
(2009). Basal conditions for Pine Island and Thwaites Glaciers, West Antarctica, determined 
using satellite and airborne data. Journal of Glaciology, 55(190), 245–257. 
https://doi.org/10.3189/002214309788608705

Moore, J. C., Gladstone, R., Zwinger, T., & Wolovick, M. J. (2018). Geoengineer polar glaciers to slow
sea-level rise. Nature, 555, 303–305. https://doi.org/10.1038/d41586-018-03036-4

Morlighem, M., Seroussi, H., Larour, E., & Rignot, E. (2013). Inversion of basal friction in Antarctica 
using exact and incomplete adjoints of a higher-order model. Journal of Geophysical Research: 
Earth Surface, 118(3), 1746–1753. https://doi.org/10.1002/jgrf.20125

Schoof, C. (2007). Ice sheet grounding line dynamics: Steady states, stability, and hysteresis. Journal 
of Geophysical Research- Earth Surface, 112(F3). https://doi.org/10.1029/2006JF000664

Sergienko, O. V., & Hindmarsh, R. C. A. (2013). Regular patterns in frictional resistance of ice-stream 
beds seen by surface data inversion. Science, 342(6162), 1086–1089. 
https://doi.org/10.1126/science.1243903

https://doi.org/10.5194/tc-6-1497-2012
https://doi.org/10.1126/science.1243903
https://doi.org/10.1029/2006JF000664
https://doi.org/10.1002/jgrf.20125
https://doi.org/10.1038/d41586-018-03036-4
https://doi.org/10.3189/002214309788608705

